Introduction
Households face portfolio allocation problems over their entire life-cycle, across different stages of the business cycle and with different levels of background risk. Understanding how their portfolio risk bearing varies over age and time is clearly important for policy analysis. However, findings on risk bearing (and their related policy implications) depend upon the specific measure of risk one takes.
In this paper we provide new insights on the evolution of households' portfolio risk bearing. We exploit data from the US Survey of Consumer Finances (SCF) from 1998 to 2007 to derive household portfolios, we estimate various measures of risk and study the correlation between risk bearing, wealth, age, cohort, time and the main household sociodemographic characteristics. In particular we consider four measures of risk bearing, two based on a narrow definition of portfolio including only financial assets (deposits, bonds and stocks) and two based on a broad definition of portfolio including also non-financial assets (human capital, real estate and business wealth) and related liabilities. In this latter case we focus on the financial component of the portfolio conditional on the non-financial one. Under the narrow portfolio definition we compute the share held in stocks and the expected standard deviation of investment returns; under the broad portfolio definition we compute (again) the expected standard deviation of investment returns and the risk tolerance implicit in investment holdings. This last measure is derived from the comparison between observed and mean-variance optimal portfolio holdings, following the approach in Bucciol and Miniaci (2011) . The four measures do not necessarily provide the same ranking of risk bearing, as they are based on a different set of assumptions and a different information set. Indeed, while for the stock share only the information on the total level of financial wealth is required, for the standard deviation we also exploit the portfolio composition and the risk characteristics of the asset categories. In contrast, for the risk tolerance we consider the risk/return characteristics of the asset categories, as prescribed by the myopic mean-variance framework.
A large body of literature already investigates (among others) the relation between age and portfolio choices using micro data, but most of it relies on cross-sectional data for a single year, and therefore it cannot separate age effects from time and cohort effects (see Guiso et al., 2001 , for a review). In contrast, works trying to disentangle age, time and cohort effects focus their attention on either a specific part of the population or a restricted number of assets (e.g. Agnew et al., 2003; Ameriks and Zeldes, 2004; Lusardi and Mitchell, 2007) . Our analysis allows us to disentangle the age effects from time and cohort effects in a nationally representative dataset, including information on a broad number of assets.
Specifically, we depart from previous works in three important directions. First, we consider two definitions of portfolio, with the broad one incorporating all the main sources of financial and non-financial risk. By using the SCF we can rely on a detailed description of household portfolios, keep the definition of portfolio constant over time and therefore have consistent repeated cross-section data for 9 years. Neglecting in particular non-financial assets may bias the analysis, because such assets usually account for most of household wealth, and they are more relevant in some groups of households (e.g., human capital for the youngest ones, business wealth for entrepreneurs). Second, as discussed above, we compare four alternative measures of risk bearing, all plausible but not necessarily providing the same ranking of risk distribution. The third departure of our work is on the treatment of constraints, such as habit and transaction costs, in portfolio composition. In fact, non-financial wealth is commonly subject to constraints that limit household decisions; ignoring these constraints we may get a wrong picture of the actual household risk bearing.
For instance households hold owner-occupied housing for investment as well as consumption purposes. To deal with this issue, we follow Flavin and Yamashita (2002) by taking the holding of real estate (mostly it is residential housing) as exogenous, that is, we assume that the holdings of real estate have been chosen in an earlier moment and kept unchanged since then. In addition, we assume that households keep fixed their holdings of business wealth and human capital. In other words, we treat all non-financial assets as illiquid in the short run, and we assume that households choose their financial portfolio conditional on their holdings of human capital, real estate and business wealth. When dealing with the risk tolerance measure, we also consider short-selling restrictions on deposits and stocks, and we impose that debt cannot exceed the size of business wealth plus real estate (that is business wealth and real estate are used as collateral). Negative portfolio weights and loans higher than the collateral are difficult to implement in practice for households.
Our indicators show a similar time trend, with risk bearing falling between 2001 and 2004 , and that many households bear only limited risk. In addition, the four measures of risk bearing increase with wealth, income, and some proxies for financial sophistication.
However, the indicators are imperfectly correlated, and the correlation is particularly low when comparing a measure based on the financial portfolio with one based on the complete portfolio. The age profile of risk bearing, assuming that all the other household variables are constant, is also conditional on the type of portfolio considered. Using the two measures derived from the financial portfolio, risk bearing is constant up to age 60, and then it falls; using the two measures derived from the complete portfolio, risk bearing increases up to age 60, and then it remains stable. Overall, risk bearing seems constant for a large part of the life cycle.
The remainder of this paper is organized as follows. Section 2 surveys the literature on household portfolios, risk, age and time effects. Section 3 presents our measures of risk, while Section 4 describes our survey data. Section 5 shows our main findings and discusses some robustness checks. Finally, Section 6 concludes. The Appendix provides technical details on the construction of human capital in household portfolios. A separate, Supplementary Appendix reports methodological details and the complete set of results for the robustness checks.
Household risk bearing, age, cohort and time effects
Economists, professionals and policy makers look at data and theories on household portfolios from different perspectives and with different aims, but all of them are interested in an accurate description of what households actually do with their own money. In particular, attention is paid to the risk borne by the households, and on how it changes with age and over time. For most of the theoretical and empirical literature this means to investigate the fraction of household financial wealth invested in risky assets, usually stocks.
Models that examine optimal portfolio choice in the presence of non-tradable labor income, including Heaton and Lucas (1997) and Viceira (2001) , find that equity shares ought to decline throughout the life-cycle. This is because households initially choose an optimal share of wealth to invest in the risky asset while considering their future labor income as a safe asset. As the life-cycle progresses future labor income is realized and it is substituted with bonds, which they consider a tradable form of safe assets. If permanent income risk is the most relevant source of income risk for the elderly, then the former prediction is consistent with Angerer and Lam's (2009) findings that an increase in permanent income risk is associated with a reduction in the risky asset share of the household portfolio. This intuitive result becomes weak when housing or non-homothetic preferences are considered. Cocco (2005) considers a life-cycle model with housing included in the utility function which predicts that younger households are highly invested in housing and thus have limited wealth to invest in stocks, which reduces the benefit of stock ownership. Wachter and Yogo (2010) consider the case of non-homethetic utility functions, with "basic" and "luxury" goods, which produces -together with an income profile increasing with age -an age profile for the risky asset share flatter than the one obtained with homothetic utility functions.
Empirical works are necessary to shed light on the relation between age and financial risk bearing, because there seems to be no agreement in the theoretical literature. Studies using a single cross section usually find that risk falls with age (for instance see McInish, 1982 , Morin and Fernandez Suarez, 1983 , and Pallson, 1996 , but their informative power is limited for at least two reasons: (i) they cannot disentangle age, cohort and time effects,
(ii) the ratio of financial risky assets to household (net) financial wealth is not a sufficient statistic for the financial risk borne by the households.
Some papers improve the evidence based on a single cross section by considering either repeated cross sections, or panel data. Poterba and Samwick (1997) use the Survey on Consumer Finance (SCF) from 1983 to 1995 to show how age and cohort effects interact in describing portfolio shares and they show, among other things, that younger cohorts have a higher attitude to accumulate housing debt. Jianakoplos and Bernasek (2006 ) use 1989 , 1995 and 2001 show that the risky asset share decreases with age and that younger cohorts invest a smaller fraction of their wealth in risky financial assets. Using panel data sets, as the Panel Survey of Income Dynamics, it is possible to directly investigate the determinants of the entry -exit decision in the risky financial markets and of the portfolio rebalancing. With this respect, Brunnermeier and Nagel (2008) prove that households rebalance very slowly; Alan (2006) assesses to what extent the participation to the stock market over the life cycle is affected by entry costs for first time investors; Bilias et al. (2010) document that portfolio rebalancing is not related to market movement. This evidence suggests that it might be the case that at least some of the risk is passively borne by the household due to their inability to react to the new market conditions.
Measures of risk bearing
We consider four alternative indicators of risk bearing, whose main features are summarized in Table 1 . For each indicator, a higher value means more portfolio risk bearing. The indicators, however, are derived from a different information set and, for this reason, not necessarily they provide the same ranking of risk bearing.
It should also be noticed that the four measures are derived from observations on household portfolio holdings at market value, which we assume reflect investors' choices. This assumption may be violated for households who had chosen their portfolio composition in earlier years, and then just kept it with no or limited adjustment (see, e.g., Calvet et al., 2009 ). For such households we would then observe the original portfolio composition modified by the different historical realizations of the asset returns.
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Stock share in a financial portfolio
Following the standard literature on risk, the first indicator is the share of the financial portfolio held in stocks. More generally, let us consider an economy with one risk free asset and a set of m risky assets. For each household , 1,..., i i N = observed at time t, we know the weights of its portfolio,
. In our application, 2 m = as we consider (corporate and government) bonds and stocks as risky assets. Our measure of risk bearing is the portfolio share held in stocks.
Although popular for its simplicity, this measure neglects that not only stocks, but also other financial assets contribute to portfolio risk. For instance in a financial portfolio, corporate (government) bonds may be subject to firm-(country-) specific risk. In addition, the measure ignores that the same asset may be riskier in some years than in others. This aspect is certainly important, as shown by the recent crisis of the financial markets.
Standard deviation of excess returns in a financial portfolio
Our second measure acknowledges for this by computing the expected standard deviation of excess returns in the financial portfolio. Let us suppose that we know for the n risky assets the variances and covariances of their returns in excess from the return to the risk free asset; variances and covariances at time t are collected in the matrix t Σ . For each household , 1,..., i i N = observed at time t, we then compute the portfolio standard deviation
This measure provides a thorough assessment of risk borne with a financial portfolio at the cost of knowing the variances and covariances of financial excess returns. However, it does not reflect the overall household portfolio risk; in fact, it ignores that other nonfinancial assets -which often account for a large amount of total wealth -are risky as well.
Standard deviation of excess returns in a complete portfolio
We then extend our definition of portfolio, and consider an economy with one risk free asset and a set of n m > risky assets, where we know the variances and covariances of excess returns at time t, t Σ . For each household , 1,..., i i N = at time t, we observe the weights of its portfolio,
. In particular, we consider as risky assets bonds and stocks (our financial portfolio), plus human capital, business wealth, real estate, and related liabilities; for sake of simplicity we group liabilities in the same category as bonds.
We call this new portfolio, which includes 5 n = assets, "complete portfolio".
Real estate is certainly less liquid than financial assets, due to transaction costs; in addition, most of it is residential housing and is therefore constrained to satisfy consumption needs. Similar arguments can be made on the degree of liquidity in human capital and business wealth. In a short time horizon these assets may be seen as completely illiquid, which means that their holdings cannot be changed and are taken as exogenous in the portfolio choice problem (Flavin and Yamashita, 2002) . Let us then distinguish the portfolio weights for household , 1,..., 
It can be shown (see Gourieroux and Jouneau, 1999, for Similarly to the standard deviation on the financial portfolio, this measure provides a comprehensive assessment of household portfolio risk, provided that one knows the variances and covariances of excess returns on financial assets, and the covariances between excess returns on financial and non-financial assets. The main limitation of this measure is that it neglects the trade-off between risk and returns in portfolio choice.
Risk tolerance implicit in a complete portfolio
So far, we described households' portfolio decisions in terms of portfolio shares and borne risk, where the latter coincides with the "ex ante" standard deviation of their portfolio excess returns. However, the relationship between borne risk (measured by portfolio variance) and risk attitude is not straightforward. In what follows we postulate that households are myopic (i.e., they have a one-year planning horizon) mean-variance (MV) optimizers, which means that at time t they choose the composition of their portfolio from the comparison between the covariance matrix t Σ and the vector of asset expected excess returns t η . In addition, we assume that asset returns are correlated with each other in a given time period, but they are distributed independently over time. We therefore follow Bucciol and Miniaci (2011), who suggest to estimate household's risk tolerance as the one which equalizes the variance of the observed household portfolio and the variance of the MV efficient one.
Our risk tolerance estimate for household , 1,..., i i N = at time t is the value of it γ implicit in the following equation, which imposes an identity in the variance of the excess returns on two portfolios:
where the variance in the left-hand side of the equation refers to the observed portfolio, and the variance in the right-hand side refers to the MV optimal portfolio, conditional on the household-specific risk tolerance it γ and some equality and inequality constraints to portfolio allocation, described for a generic portfolio of weights w by the conditions
In our empirical analysis we consider equality constraints on the non-financial assetsthat is, we set as exogenous the holdings of business wealth, real estate and human capitaland inequality constraints to avoid short sales of deposits and stocks and a debt larger than its collateral (the sum of business wealth and real estate). Were we considering only the equality constraints, equation (2) would be equivalent to the comparison between conditional variances:
In general, the presence of inequality constraints prevents one from obtaining a closedform expression for it γ ; see Bucciol and Miniaci (2011) for further details. The solution is then found numerically with quadratic programming.
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One could argue that there is no specific reason to derive risk tolerance from portfolio variances, and we could also look at, for instance, portfolio expected excess returns. In general, any portfolio along the efficient frontier is a potential candidate for our comparison.
However, there are three reasons that make us opt for variances: first, the variance of an observed portfolio is a clear indicator of the risk borne by the household; second, it is more robust to estimation errors than the expected return (see, e.g., Merton, 1980; Chopra and 1 In the absence of any constraint, the risk tolerance estimate would differ from the variance of portfolio excess returns only for the market performance,
Ziemba, 1993); third, our approach is consistent with the analysis in terms of Certainty Equivalent Returns (CER) from standard expected utility theory (as in Calvet et al., 2009 ).
In fact, equation (2) is also the first order condition from the minimization of the distance between the expected utility under the observed portfolio and the expected utility under the optimal portfolio, where the utility is either the one in the MV framework, or the CRRA utility function; Bucciol and Miniaci (2011) derive this formally.
The risk tolerance indicator has two main advantages compared to the alternatives discussed above. First of all, it provides an assessment of household risk from the trade-off between expected risk and expected return of a given portfolio. Another popular indicator, the Sharpe ratio, also considers both dimensions of the problem (expected risk and return of a portfolio). However, for our purpose the risk tolerance indicator is superior to the Sharpe ratio for at least two reasons. Indeed, the Sharpe ratio attributes the same weight to both dimensions, while different households may give more importance to either one. In addition, the Sharpe ratio may be instable over the years: since it measures the return premium per unit of portfolio risk, it depends linearly on the asset expected returns -which vary enormously over the years.
The second advantage of the risk tolerance indicator is that it is not linked to observed portfolio holdings with a one-to-one relationship; observed portfolios matter only in their relation with the optimal portfolios. They are then seen as a proxy for the real investment intentions, from which they may differ because of (i) infrequent rebalancing, which means that portfolios vary just because of gains or losses in asset prices and (ii) market imperfections (e.g., minimum investment size). The disadvantages of this measure are that it imposes the MV framework, and it needs to know not only variances and covariances of asset returns, but also their expected returns.
Data
Household portfolios
There are few surveys potentially useful to investigate how US households change their portfolio along the life-cycle. The Panel Study of Income Dynamics (PSID) is complemented by a Wealth Supplement run from 1984 to 1999 every five years, and every two years since 1999. The PSID is a longitudinal dataset, and thus it enjoys the typical advan-tages of panel data. However, with its information on assets holdings it is not possible to clearly separate the investment in risk free assets, such as deposits, from the investment in financial assets that entail some risk, such as government bonds. This limitation does not allow us to properly assess portfolio risk. Portfolio description is more detailed in the Health and Retirement Study, which is also a longitudinal study, but it focuses on the population over the age of 50. An obvious candidate dataset for our purpose is therefore the US
Survey of Consumer Finances (SCF).
The SCF is a repeated cross-sectional survey of households conducted every three years on behalf of the Federal Reserve Board. It collects detailed information on assets and liabilities, including home ownership and mortgages, together with the demographic characteristics of a sample of US households. The survey deliberately over-samples relatively wealthy households to produce more accurate statistics; in our analysis we then use the sampling weights provided by the SCF to obtain unbiased statistics for the US population. The SCF also handles the high rate of item non-response typical of wealth-related microdata by imputing a set of five values that represent a distribution of possibilities. Multiple imputations of missing data increase the efficiency of estimation, allowing the researcher to use all available information, and have the distinct advantage of providing information on uncertainty in the imputed values. We exploit this information as suggested in Rubin (1987) ; we develop our analysis independently for each of the five completed datasets and our final statistics are the average of the estimates derived for each dataset; standard errors account for the variability both within and between these five datasets.
Our data on household portfolio holdings are taken from the waves from 1998 to 2007 of the SCF. 2 Our final sample consists of 15,064 households with head aged between 25 and 80. We consider two definitions of portfolio. The "financial" definition includes the main financial assets, grouped in three categories: deposits (that we treat as risk free), bonds, and stocks. The "complete" definition also includes human capital, business wealth, real estate, and related liabilities. 3 We include liabilities in the bond category, while the other three as-sets form new categories. Human capital is estimated conditional on age, gender, race and education of the household head using an approach similar to Jorgenson and Fraumeni (1989) . In a nutshell, it is a discounted projection of the future realizations of gross income, Each asset is classified as defined in Table 2 , which also reports the composition of the aggregate complete portfolio, computed accounting for multiple imputations and sampling weights. The financial portfolio includes all the assets in the deposits, bonds, and stocks categories of the complete portfolio, therefore excluding mortgages and other liabilities.
There is no exact correspondence in the questions of the various SCF waves, as for instance before 2004 we have no information on the fraction of balanced composite assets (IRA-KEOGH accounts, retirement accounts, annuities, trust-managed accounts) invested in stocks. We then exploit information from a question on the prevalence of deposits, stocks and bonds in these composite investments to impute their value to the corresponding asset class. However, the trend shown by these assets in the imputations before 2004 (with more wealth held in deposits and less in stocks) is consistent with the trend observed in other assets whose definition has remained constant across the waves (e.g., saving and money market accounts, directly held stocks, etc.).
Notice that the largest share in the aggregate portfolio is by far human capital (between 76% and 79%); which is roughly in line with simulation studies in Cocco (2005) . In aggregate human capital falls over the years because of population ageing and because in the period under investigation its returns were lower than financial wealth (over the years 1998- To better understand the evolution of portfolios over the life-cycle, we group our observations by cohorts. Specifically, we define cohorts within a range of 5 birth years. Our sample contains 13 such cohorts, born between 1920 and 1984. Since the oldest and the youngest cohorts are built from few observations, in the following figures we will show cohort-specific statistics based on at least 100 observations.
We start with the cohort-specific age profile of wealth. For each cohort and for each wave we compute aggregate wealth as the average wealth holdings in the sample, weighted using the SCF sampling weights. FIGURE 1 ABOUT HERE some key asset holdings for our complete definition of portfolio. Cohort portfolios are constructed as the aggregate portfolios from the (weighted) observations in our sample and conditional on cohorts and age (see Poterba and Samwick, 1997) . Most of the variation in portfolio allocation is driven by human capital, which accounts for nearly 100% of wealth at the beginning of economic life and then it markedly falls with age, leaving all the other asset shares rise. The remaining age variation in portfolio allocation seems driven by the timing of housing investment. With volatile house prices, the insurance motive makes young households purchase their house early in life (see Sinai and Souleles, 2005 and Banks et al., 2010a) . In order to increase their housing consumption they resort to debt. 5 It is worth noticing that the stock share is increasing more markedly only when the negative bond position is decreasing. That is, debt positions primarily due to real estate investment make stock investment less attractive. This evidence is consistent with Becker and Shabani (2010) who find that households with mortgage debt are 10 percent less likely to own stocks and 37 percent less likely to own bonds compared to similar households with no outstanding mortgage debt.
Later in the life cycle, households are expected to downsize their housing investment.
However, older households do not switch from homeownership to renting. Thus, if they reduce their position in primary residence, they do so by moving to a smaller, but still owned,
house. This finding is consistent with Banks et al. (2010b) , who show that the five year housing transition rate from owner to renter is only 4.3% for the US homeowners over 50 years old.
FIGURE 2 ABOUT HERE
Asset time series
Information on asset returns is essential to estimate our measures of standard deviation and risk tolerance. We take annual financial returns (bonds and stocks) from the "Merrill Lynch US Corporate & Government Master Index" and "MSCI USA Stock Index" time series of US asset total return indices (downloaded from Datastream). We consider as risk free annual return for deposits the yield of 3-month T-bills. Annual returns for business wealth are derived from proprietor's income from Bureau of Economic Analysis (BEA) . To measure annual returns on human capital we construct from BEA data a time series of labor income consistent with the definition we used in the SCF.
6
It is more problematic to find a time series of real estate returns valid for our purpose.
From the perspective of a household, we need a series that accounts for not only capital gains, but also earnings due to rents. We therefore combine a repeat-sale, purchase-only index calculated for the whole of the US from the Federal Housing Finance Agency (FHFA),
with an estimate of imputed rents-price ratios for the US market calculated in Davis et al. All our time series of annual returns cover the years from 1979 to 2007 at a quarterly frequency. We derive excess returns of risky assets as the difference with risk free returns.
In the benchmark analysis, we construct moments using a moving 20-year window (80 observations) for excess returns. Specifically, for the survey data collected in year X we as- Table 3 .
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We see that expected excess returns on stocks rose dramatically in the first part of the period, and showed large fluctuations afterwards; expected excess returns on bonds grew until 6 See the Appendix. We take the difference between personal income and earnings from rents, dividends, and capital gains. The resulting time series incorporates wage and salary disbursements, supplements to wages and salaries, proprietors' income with inventory valuation and capital consumption adjustments, and personal current transfer receipts, less contributions for public social insurance. BEA data refer to the whole US population, and thus they already incorporate unemployment spells and job-to-job mobility.
forming bonds since 2004. This is reflected in Figure 2 , where stock shares systematically show a marked growth between the first and the second point of the curve for each cohort.
The fall we instead observe in the age profile of stock shares between the third and fourth 
FIGURE 4 ABOUT HERE
As in the empirical exercise we rely on macroeconomic time series in order to assess the riskiness of human capital, business wealth and real estate, one might argue that we are under-estimating these risks since we completely ignore any idiosyncratic component. How-ever, this is not a problem in our analysis. In fact, by imposing equality constraints on the holdings of the three non-financial assets, to matter for us is only the covariance between such assets and the remaining assets, which is likely driven by systematic rather than idiosyncratic risk.
Results
Distribution of risk bearing
We start our analysis by showing statistics on the evolution of risk bearing over time. The first part of Table 4 reports the measures of risk we derive from the aggregate portfolios in each SCF wave (those in Table 2 ), ignoring the heterogeneity in cohorts and other house- 
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We then turn our attention to the distribution of the household-specific measures of risk. bearing. Hence a household that is markedly risk tolerant according to one indicator, may be less risk tolerant using a different indicator.
Age profile
In this subsection we investigate the correlations between our measures of risk bearing, age and other household characteristics, time and cohort effects. To this end we run four quan-tile regression analyses, one for each measure, where the dependent variable is our risk bearing indicator. We opt for quantile regression, rather than OLS regression, since this method is less sensitive to large outliers. The specification includes five sets of explanatory variables, on wealth, demographics, financial sophistication, self-assessed measures, age, cohort, and time effects. In the set of wealth variables we consider the logarithm of financial wealth, and the levels of income, real estate plus business wealth net of debt, and debt; the levels are then divided by financial wealth. In the set of demographic variables we treat variables for race, gender, education, marital status, number of household members, children (yes or no), and occupational status of the household head. This specification is similar to the one in Sahm (2007) 8 , who estimates risk attitude from hypothetical questions in the US Health and Retirement Study. In the same vein as Guiso and Jappelli (2005), we further include in the specification some proxies for financial sophistication: the number of financial institutions the household is involved with, and two dummy variables. The dummies are worth one respectively if there is regular consulting of a professional financial advisor, or the head works in the finance sector. We also include one dummy variable for the selfassessed good or excellent health status of the head.
We finally add variables meant to disentangle time and cohort effects from age effects.
After trying alternative specifications, we choose one where age effects are captured with dummy variables covering a five-year age range (the baseline is age 25-29), time effects are measured with the average excess return of the stock market in the three years prior to the wave 9 , and cohort effects are measured with the average excess return of the stock market when the head was between 20 and 24 years old. 10 This specification mimics one in Ameriks and Zeldes (2004), where in particular the variable on the cohort effect is meant to describe a "learning" process of the market behavior when young. vations with full information on the variables in the specification. We first focus on the two measures based on the financial portfolio definition. The stock share and the standard deviation of financial portfolio returns correlate positively with financial wealth (for instance as in Siegel and Hoban, 1982, and Morin and Fernandez Suarez, 1983) , income, the number of financial institutions where doing business, and with the dummy for individuals working in the finance sector, and negatively with debt 11 and the dummy variables for non-white and self-employed individuals. In addition, we find no cohort effect and an age effect insignificantly different from zero in the ages between 45 and 69. In contrast, we observe a strongly positive time effect. This means that the risk indicator rises when the stock excess return in the previous three years is high, such as in the first waves of our sample.
When we look at the two measures based on the complete portfolio definition, somebut not all -our previous findings are confirmed. We still find positive correlations between the conditional component of the standard deviation and the implicit risk tolerance and financial wealth, income, the number of financial institutions where doing business, and with the dummy for individuals working in the finance sector. In contrast we find a significant effect, but with the opposite sign (positive), for debt and self-employed individuals. This time we also find that risk bearing is higher among females, college graduates, and individuals with self-assessed good health.
The sign of the effects for debt and self-employment may be surprising if compared with the results in the first two columns of Table 2 . In addition, the result that females are more risk tolerant goes against the evidence from previous works. There is a common explanation for these findings, that has to do with background risk. In fact females, debt holders and self-employed workers hold most of their wealth in non-financial assets: the median ratio of business and real wealth to financial wealth in the sample is 4.50 for females, 1.59 for debt holders, and 3.25 for self-employed workers, as opposed to 1.15 for males, 0.38 for no-debt holders, and 0.78 for employees. This implies that females, debt holders and selfemployed workers have relatively little financial wealth to hedge against the background risk represented by non-financial wealth. They appear risk tolerant because they do not protect themselves enough from the exposure to exogenous shock. We believe the case of selfemployed workers is paradigmatic. These individuals hold most of their wealth in a busi-ness. Ignoring this, and focusing on just their financial portfolio, would suggest that they are less risk tolerant than the baseline case (employees). Actually, they choose their financial portfolio having in mind that they already bear substantial business risk. In fact, when we consider a complete definition of portfolio, the effect of being a self-employed worker is reverted.
As for the indicators for the financial portfolios, we find a strong time effect that is now coupled with a strong cohort effect and an age effect always significantly different from zero, at least since age 45.
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For sake of comparison we provide a graphical representation of the age effects estimated for the four indicators. In Figure 7 we depict the estimated age profile conditional on the median values of wealth, demographic and other household characteristics; for comparability reason, the profile is divided by the median observed risk bearing indicator. Each age profile is coupled with a 95% confidence interval derived from the covariance matrix of all the coefficient estimates.
There is marked difference between the measures based on the financial portfolio and the measures based on the complete portfolio. The former show an age profile that is essentially flat up to age 60, and then falls -especially as concerns the stock share, which is halved for the elderly. This evidence is somewhat more complex than common rules of thumb adopted by practitioners, e.g., to invest in stocks a fraction ( ) 100 % age − of the financial wealth. In contrast, the two measures based on the complete portfolio show an age profile that rises at young ages, up to 60, after which it becomes stable. Evidence of a rising age profile with the complete portfolio definition is not surprising given the portfolio shares shown in Figure 2 . In fact, the complete portfolio is largely dependent on human capital, which naturally falls with age. As individuals get older, their portfolios exhibit higher investment in assets that carry relatively more risk than human capital. Our indicators capture this life-cycle effect in the change of the conditional portfolio weights of equation (1).
These weights rise for two reasons. First, the portfolio shares in bonds and stocks tend to increase with age (see Figure 2) ; second, the term of hedging against human capital falls because the weight on human capital reduces with age. Inertia in portfolio adjustment is al-so likely to play a role. Consider the case of a household with a given complete portfolio. If this household does not intervene on her portfolio composition, and the market provides the same returns to all the assets, after three years the household holds less human capital. We then observe a relatively larger investment in bonds and stocks, which is used to hedge against a background risk that is lower than in the previous three years (since there is less human capital). This situation makes the household bear more risk now than in the past, even if her attitude toward risk bearing has not changed.
FIGURE 7 ABOUT HERE
Sensitivity analysis
The results obtained so far show that: (i) the way borne risk varies with age depends on the definition of portfolio, (ii) risk bearing is positively correlated with wealth, income and financial sophistication, and (iii) business cycle (captured by financial market indexes) helps explaining heterogeneity in household portfolio volatility and risk bearing. In this subsection we report the outcome of some robustness checks on our analysis. Methodological details and complete results can be found in the Supplementary Appendix; here we only comment on the relevant findings. Figure 8 shows the estimated age profiles of the four measures under the first three cases. Overall, the robustness checks confirm our benchmark results.
FIGURE 8 ABOUT HERE
Fixed moments
The variations we observe in risk bearing arise from changes in portfolio composition, but also from changes in the moments of the asset excess returns. It may be interesting to see which change is the main driver of the variations in risk bearing. To answer this issue, we repeat our analysis by keeping the moments of the asset returns fixed in all the waves, and equal to those we associate to wave 1998 in the benchmark analysis. In this environment, the stock share is identical to the benchmark, while the standard deviations and the risk tolerance indicator vary, and their variation reflects only changes in household portfolios. 
No hedging
The bottom panels of Figure 3 show wide variation over time of the covariance between our assets. There is no consensus in the literature on the treatment of the covariance between financial and non-financial asset returns. Some works find such covariances to be null (for instance see Flavin and Yamashita, 2002, for real estate, and Fama and Schwert, 1977, or Table 3 in Cocco et al., 2005 , for human capital). In our analysis based on the complete portfolios, these covariances play a role because they determine the hedging components in household portfolios (see equation 1). To investigate whether this role is important, we repeat the analysis by imposing null covariance between the excess returns of financial assets (bond, stock) and non-financial assets (human capital, business wealth, real estate). Clearly, this does not affect the two measures based on the financial portfolio.
In the regressions, our main findings are confirmed. We only find a significantly larger effect of the debt /financial wealth ratio (the coefficient is 33.36 for the standard deviation and 17.63 for the risk tolerance), and no significant cohort effect. The absence of cohort effects provides a steeper age profile (see Figure 8 , second panel), with the two measures being now significantly higher at around retirement age, that is, when the portfolio weight on human capital has a sharp decline in favor of the weights on bonds and, especially, stocks.
Alternative moments
In our exercise we use estimates of the historical average and the variance-covariance ma- 
Riskless human capital at retirement
In our main analysis we treat human capital from pension income exactly the same way as human capital from labor income. However, it may be plausible that pension income is less risky than labor income. In this robustness check we replicate the main analysis under the extreme situation where pension human capital is riskless. In this case, only the analysis of the complete portfolio case is potentially affected by the change. However, our previous findings are still confirmed; in particular the risk indicators rise up to age 60 and flatten out afterward.
Transaction costs
What we interpreted as heterogeneity in risk borne by the households, might in fact be due to heterogeneity in transaction costs (see Bucciol and Miniaci, 2011 , for a detailed discussion of the issue). It is reasonable to expect that, the richer the investor, the less relevant the transaction costs are for her portfolio choice. Under this assumption, if we observe that our main results hold also when we restrict the sample to the top 20% wealthiest households, we can be confident that transaction costs do not significantly affect our results.
On average the sub-population of the wealthiest households is more highly educated and financially sophisticated, earns a higher income, and it has a financial wealth which is nearly four times the financial wealth of the full sample, its portfolios are riskier and their estimated implicit risk tolerance measures are higher. Nevertheless, the main results of our multivariate analysis still hold: there is a positive relation between risk bearing and wealth, and age and time effects are close to those of the benchmark case. However, in this case the confidence interval associated to the age effect is larger under the two measures based on the complete portfolio definition, and we cannot exclude that the risk tolerance indicator is constant with age.
Conclusions
In this paper we use data from the waves 1998-2007 of the US Survey of Consumer Finances (SCF) to shed light on the evolution of US households' portfolio risk, and the correlation between risk bearing, wealth, age and the main household socio-demographic characteristics. The use of repeated cross sections allows us to disentangle age effects from time and cohort effects.
In our analysis we consider four different indicators of risk bearing, based on two differ- Moreover, in all the cases we find our measures of risk bearing to correlate positively with wealth, income, and some proxies for financial sophistication. However, the four indicators are imperfectly correlated, and the correlation is particularly low when comparing a measure based on the financial portfolio with one based on the complete portfolio. As regards the age profile of risk bearing, under the assumption that the other household characteristics remain fixed over the life-cycle, we also find different results when looking at the financial or complete portfolios. Looking at the financial portfolio, risk bearing is constant up to age 60, and then it falls; using the two indicators derived from the complete portfolio, risk bearing increases up to age 60, and then it remains stable.
Three out of four of the indicators we consider can be seen as simple statistical indexes, not requiring strong behavioral assumptions to justify their use. The fourth one, the risk tolerance implicit in investment holdings, is conditional on the assumption of myopic MV optimization. Despite a mere 58% correlation between the implicit risk tolerance index and the standard deviation of the complete portfolio returns, the regression analysis show that the heterogeneity of the two indexes is affected in a similar way by wealth and demographics. We interpret this as a signal of robustness of our conclusions, although some of the risk tolerance heterogeneity might still be due to differences in the experienced portfolio performance and planning horizon. Future research will develop a fully multi-period framework, closer to a life-cycle model of asset allocation, from which to infer risk attitude separately from time discounting.
Appendix. Human capital calculation
We construct human capital using an approach similar to Jorgenson and Fraumeni (1989) .
The approach computes human capital as the net present value of the income flow that will be produced over an assumed lifetime, in the presence of survival probabilities. Expected future incomes are predicted from the observed incomes of the cross section of individuals.
An advantage of this method is that it allows to estimate human capital even for those households who report no income (398 out of 19,165 in the sample, 0.91% considering the sampling weights).
Income arises from a process depending on several characteristics of the head, in particular gender (male, female), race (white, non-white) and education (high school or lower, college). We denote the realization of these three variables by group x X ∈ . The combination of the three variables gives rise to eight possible groups.
We describe human capital for household i at time t, whose head is aged a and belongs to group x, as follows: 
That is, lifetime income is the sum of the predicted income levels, ɵ ( ) of being alive at age b conditional of being alive at age a and time t, for individual i belonging to group x 13 , and corrected by a discount rate (1 t r + ), computed as average over the 20 years before t of real risk free returns (3-month T-bill yields net of CPI growth). 14 Income predictions up to age 64 are derived from the OLS regression of the logarithm of one plus income over a third-order polynomial on age, gender and race dummies, cohort dummies and time dummies respecting the Deaton-Paxson orthogonality constraints. Income predictions since age 65 are the income prediction at age 64 times a replacement rate.
The rate is given by the ratio of average observed income between 65 and 69 to average observed income between 60 and 64, and it is computed separately by education groups. In all the cases we take into account imputations and sampling weights. For households with head older than 64, predicted income is the income predicted for their class times the replacement rate.
We estimate the regression and the replacement rate 15 from the waves 1995-2007 of the SCF dataset described in Section 4.1, separately for each imputation and for each education group. As one may expect, projected income is higher for households with a male, white and more highly educated head. 
